The knowledge on the spatial variability of climatic attributes and the building of Kriging maps can assist in the design and management of confined animal facilities, by allowing a spatial visualization that is helpful for the planning and control of information from the production environment. The study aimed to characterize the spatial variability of air temperature in a free-stall barn used for dairy cattle confinement located in Petrolina-PE, Brazil, in different seasons and at different times. The variable air temperature was recorded at 136 points distributed in the areas under the shed and the shade cloth for the study of spatial variability and the construction of maps by Kriging. Air temperature data was collected in the winter and in the summer, in the months of July and August (2013) and January and February (2014), at different times (9 and 15 h). According to the results, the use of geostatistics enabled to define areas with different spatial variabilities in air temperature and specific areas in the free-stall with values higher than the recommended levels for thermal comfort. In addition, the central part of the facility is the region with the lowest values of air temperatures, due to the presence of a ridge vent.
Introduction
Livestock farming is an activity highly dependent on climatic factors, which can affect animal yield and management (Oliveira et al., 2013) . The effect of climatic conditions on the development of dairy cows is expressive, especially in tropical and subtropical regions. Thus, the knowledge on the functional relationships between animals and the environment allows adopting procedures that increase the efficiency of dairy farming (Marcheto et al., 2002) .
The optimal temperature for milk production depends on the species, breed and degree of tolerance to heat and cold. For Holstein-Friesian cows, great milk-producers, the thermal neutrality zone in lactation, in terms of air temperature, generally occurs in the interval between 4 and 26 ºC, which impairs the raising of these animals under tropical climate conditions .
One way of minimizing the undesirable climatic conditions is the use of facilities, which must provide comfort for the animals, allowing them to express their production potential. Facilities must be built and planned with the main objective of reducing the action of stress agents, which can cause undesirable effects on the animals. Environmental variables are controlled with different building materials, dimensioning of the physical space, density and climatization systems (Almeida et al., 2010) The management of the microclimate inside animal production facilities has been widely used in the search for the adjustment of thermal comfort conditions for the housed animals, due to the influence of meteorological elements that favor or hamper their development. This management encompasses the strategies used to reduce the negative effects of stress agents on the animal-environment relationship (Silva et al., 2012) .
In order to better evaluate the animal production environment, innovative methods, computational evaluation tools and the help in decision-making have been used in the control of the welfare of the confined animals (Borges et al., 2010) .
In this context, this study aimed to characterize the spatial variability of air temperature in a free-stall located in the Brazilian semiarid region, in the winter and summer, using geostatistical tools.
Material and Methods
The study was carried out on the Campus of Agricultural Sciences of the Federal University of the São Francisco Valley, where the data were collected in a free-stall of the area destined to rural constructions, in the municipality of Petrolina-PE, Brazil, 721 km distant from the state capital and located at the geographical coordinates of 9º 09' S 40º 22' W, with mean altitude of 365 m and mean annual rainfall of 450 mm. According to the Köppen-Geiger classification, the climate in the city is BshW, semi-arid tropical, dry and hot.
The facility was built for the confinement of HolsteinFriesian cows, which remained in the area during the experiment. The confinement facility has a 1.20-m-wide ridge vent, with North-South orientation. The shed is supported by pre-cast concrete pillars, covered with ceramic tiles, and has ceiling height of 2.60 m, eaves of 1.50 m and open sides. The floor is made of grooved concrete in order to facilitate the drainage of wastewater.
Besides the covered area in the free-stall, the facility has a shaded area, with width of 7.8 m and length of 60.0 m. Part of this area is covered with shade cloth, in order to reduce the incidence of solar radiation on the animals. The design scheme of the free-stall is shown in Figure 1 .
The study was conducted in two seasons: WinterTreatment 1 (WIN) and Summer -Treatment 2 (SUM), when air temperature data were collected in the free-stall, in the months of July and August 2013 and January and February 2014, twice a day, at 9:00 h and at 15:00 h. According to the Laboratory of Meteorology of the UNIVASF, the mean values of relative air humidity in the city of Petrolina, at the time of the collections (9:00 and 15:00 h) were 54.7 and 30.2% for the months of July and August 2013, and 60.4 and 39.3% for January and February 2014, respectively.
Geostatistical analysis was performed for the air temperature in the areas of the free-stall under the shed and the shade cloth. The data were collected at 136 equidistant points inside the facility, spaced by 3 m. The measurements were performed at a height of 1.5 m from the floor, in each position of the regular grid of points.
Air temperature data were recorded using a portable thermal anemometer (Instruterm ® -TAD 500), with temperature recording range from -15 to 50 °C, and subjected to geostatistical analysis. Data variability was evaluated using descriptive statistical analysis, through the parameters mean, median and coefficient of variation (CV).
The spatial dependence was verified through adjustments of semivariograms (Vieira, 2000) , based on the assumption of intrinsic stationary process, which is estimated by: The semivariogram is represented by the graph y(h) versus h. From the adjustment of a mathematical model to the calculated y(h) values, the coefficients of the theoretical model are calculated for the semivariogram (nugget effect, C 0 ; sill, C 0 + C 1 ; and the range, a). The selection of the best model was based on the residual sum of squares and on the coefficient of multiple determination (R 2 ). According to Trangmar et al. (1985) , the nugget effect is the value of the semivariance for the distance zero (h = 0) and represents the analytical error, i.e., it indicates the variability that cannot be explained; the range represents the distance between the origin and the sill. From this point on, it is considered that spatial dependence no longer occurs between the samples.
The degree of spatial dependence of the studied attributes was analyzed using the classification of Cambardella et al. (1994) , in which the spatial dependence is considered strong for semivariograms with nugget effect < 25% of the sill, moderate when it is between 25 and 75% and weak when it is > 75%.
The theoretical semivariogram models considered in the study were: spherical, exponential, linear and Gaussian, which were adjusted through the program GS + 7.0. Then, these models were used for the estimation of air temperature data in non-measured points, using the interpolation method known as ordinary Kriging. Then, the maps were formatted and edited using the program SURFER 8.0.
Results and Discussion
The values of means, medians and coefficients of variation for air temperature data are shown in Table 1 . These results correspond to the descriptive statistics performed in the collected data.
Based on the mean values obtained from the spatial distribution data, air temperature remained within the comfort range only in WIN at 9 h; according to , these values must be between 4 and 26 ºC for Holstein-Friesian cows. For both treatments, at the other observation times, the parameter air temperature was higher than the maximum limit recommended for lactating cows.
Mean and median values are similar in both studied treatments, indicating that the data do not show expressive asymmetry. According to Little & Hills (1978) , when mean, median and mode values are similar, the data have or are close to normal distribution. This can be an indication that measurements of central tendency are not dominated by atypical values in the distribution (Cambardella et al., 1994) . Similar results were reported by Faria et al. (2008) , who obtained normality for the attribute air temperature in a climatized free-stall for milk cattle.
High values of the coefficient of variation (CV) can be considered the first indication of data heterogeneity. Considering the classification criteria of Warrick & Nielsen (1980) , which establishes low variability for CV < 12%, medium variability for 12% < CV < 62% high variability for CV > 62%, the variable air temperature showed low variability (CV < 12%) at the different times and in the different treatments. These results agree with those reported by Silva et al. (2012) , who obtained low variability for temperature data in a non-climatized free-stall.
The parameters of the geostatistical analysis, such as the adjusted semivariogram model, nugget effect, sill, range and degree of spatial dependence, are shown in Table 2 .
The results of the geostatistical analysis showed spatial dependence of air temperature in both treatments ( Table  2 ). The analysis of the semivariograms for the climatic attributes did not indicate any preferential direction, i.e., as claimed by Vieira (2000) , in this case, the data do not have anisotropy and the spatial variability occurs in the same way in all directions.
The studied variable fitted to the spherical semivariogram model, except for the treatment WIN, which fitted to the Gaussian model at 9 h, and for the treatment SUM, which fitted to the exponential model at 15 h.
According to Isaaks & Srivastava (1989) , these models are transitory, because they have sill, i.e., from a certain value of distance between samples, spatial dependence no longer occurs. This distance is referred to as range.
According to Table 2 , the highest range occurred in the treatment WIN at 15 h, for which the fitted model managed to verify spatial dependence of air temperature beyond the facility limits, which was not observed at the other times.
The nugget effect reflects the non-explained variability as a function of the distance of the sampling used, such as local variations, analysis errors, sampling errors etc. Since it is impossible to quantify the individual contribution of these errors, the nugget effect can be expressed as percentage of the sill, thus facilitating the comparison of the degree of spatial dependence of the studied variables (Trangmar et al., 1985) .
As to the degree of spatial dependence (DSD), it showed that there was weak spatial dependence for all the studied times in both treatments.
The Kriging maps of air temperature are shown in Figure 2 . According to the maps, air temperature values at 9 h showed higher variability inside the facility than at 15 h. At 15 h, the high homogeneity of air temperature data occurred because the facility has open sides and a ridge vent. In addition, at this time, the facility has been exposed to a longer period of solar radiation, compared with 9 h, which favors the heating of the air inside the free-stall and, through heat exchange mechanisms such as conduction, convection and radiation, it causes air temperature values to be more homogeneous.
Air temperatures were lower in the covered area of the free-stall, especially in its center. This can be explained by the presence of the ridge vent, an opening on the top of the roof, which is highly recommendable for proper ventilation, since it allows a continuous renewing of air, resulting in an adequate environment for the animals. The highest values were observed at the edges of the free-stall, in the solarium, indicating a possible heat stress for the animals when they are in this region, which can affect the yields of milking cows.
The lowest values of air temperature occurred at 9 h, in both treatments; however, only in the winter (WIN), in virtually the entire facility, air temperature values were within the thermal comfort zone of Holstein-Friesian cows (between 4 and 26 ºC). For the other times, both in winter and summer, air temperature values were above the thermal comfort zone for these animals.
Since the facility has no cooling system, it is advisable that during the winter, at 15 h, and during the summer, at all times, the animals stay confined close to the beds, in the central part of the facility, since it provides lower temperatures for the animals and a consequent lower thermal stress.
Due to the higher solar radiation at 15 h, air temperature data were higher in both seasons and the maps showed higher homogeneity of these values at this time. All temperatures in the free-stall, in the areas under the shed and the shade cloth, at 9 and 15 h in the summer and at 15 h in the winter, were above the recommended value for the thermal comfort of the animals. In other words, regardless of the location of the animals inside the facility, at this time they are susceptible to thermal stress, which can cause reduction in milk production. This is consistent with Silva et al. (2008) , who observed losses in milk production of about 0. 85, 1.82, 2.78, 3.75, 4.71 and 5.70 Due to the spatial variability of air temperature inside the facility, the animals will be susceptible to some areas hotter than others, at the same times, possibly causing irregularities in the production of milk by the confined cows. Thus, the chronical exposure to solar radiation and environments with high temperatures must be reduced, providing animals with additional opportunities to lose heat, such as systems of ventilation, sprinkler and evaporative cooling. Many of these strategies can be implemented at low direct costs and other alternatives can still be used based on cattle yield (Ferreira et al., 2006) . Barbosa et al. (2004) observed that providing shade to lactating Holstein-Friesian cows during the summer is an WIN efficient way to improve their comfort, as well as the use of water spray on the animals. These authors also claim that, in the productive aspect, the use of water spray on the animals proved to be efficient and can be recommended under certain technical and economic criteria, since the results are not always positive. Araújo et al. (2010) also found positive results regarding the increase in yield of Holstein-Friesian dairy cows, using misting and ventilation simultaneously. This management maintained the animals in a safe zone, out of the thermal stress all the time, providing conditions for maximum milk yield.
Thus, it is evident the need for the installation of cooling mechanisms in the free-stall located in Petrolina, in the semiarid region of Pernambuco, especially on the sides of the facility, in order to provide optimal and homogeneous conditions of air temperature for the cows, collaborating to avoid thermal stress and, consequently, increasing animal yield.
Conclusions
1. There was spatial variability for the variable air temperature, and specific areas were identified in the freestall, where temperatures were above the recommended level for the thermal comfort of the animals.
2. In the morning, for the Treatment 1, winter, almost the entire facility has temperatures within the zone of thermal neutrality of the animals, and the lowest temperatures are mainly concentrated in its center, due to the presence of a ridge vent.
3. At 15 h in the winter and at 9 and 15 h in the summer, the entire facility has temperatures above the thermal comfort zone of the animals and can cause heat stress.
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